Abstract. The aim of the paper is to draw attention to the possibility of improving the transmission properties of telecommunication networks by subordinating the capacity of individual links to the frequency of their occurrence in a set of minimum length paths. The defined unevenness coefficient was used to divide the global transmission resources of the network in order to make the traffic carried by this network as large as possible. The article presents the results of the simulation tests to which tree topology network was subjected.
Introduction
A rapid increase in the Internet traffic [1, 2] forces modification and extension of telecommunication networks. To ensure appropriate quality of the transfer of various types of information, it is necessary to increase the transmission speed and the reduction of the delays associated with data transmission and processing. For this purpose, new generations of equipment are being introduced [3] , new communication protocols are being developed [4] , and the way of transmission resources management is being modified in order to adjust the networks to the shifting conditions and user requirements [5] . One of the fundamental matters to consider in the construction and analysis of the ICT terminals is the choice of the topology of the connections between parts of the network, which is a considerable factor in the system's effectiveness [6, 7, 8] .
The ICT network structure can be described with graphs [9, 10] where the commutation modules or specialised computers constitute the vertices and mostly bidirectional, independent transmission channels are the edges.
During the simulations of the networks with various configurations, which aimed to test the transmission properties of the networks described with regular graphs, it was noted that they can be improved by introducing the control measures for their resources. The term ?transmission properties? means the probability of rejecting the call for realization, and ?transmission resource? is e.g. the number of slots or the bandwidth used for sending the usage information between network nodes. In the course 12 S. Bujnowski et al.
of the research it was concluded that individual links that create a network are used unequally. Based on the analysis a conclusion was drawn that the result is influenced by the number of usage of particular edges in parallel paths of minimum length [11] . A minimal path is a path with the lowest number of constituent edges connecting any two nodes. The parallel paths have the same length and consist of a specified number of various edges connecting the same graph nodes.
On the grounds of the analysis of the results a factor was defined called the unevenness coefficient w spi , which is defined by the following formula:
where D(G) means the diameter of the graph and u io values are calculated from the formula:
u k means the number of utterances of a particular edge in the sets of parallel paths of power k.
The determined values of w spi coefficients were used to control network resources. The rule applied was that the whole set of resources is divided among the edges in accordance with the values of w spi coefficients defined by the calculations.
The resources are divided according to the following rule:
where RES i is the resources used by the i-th edge, RES g is the total network resources, and F i is a coefficient for the resources distribution.
However, it should be noted that network topologies rarely have a form of a regular graph, and their connection structure is often irregular.
In order to study the transmission properties of the analysed network topologies described with irregular graphs, a modified software tool was used to carry out a simulation tests of irregular graphs. edge, traffic generated in a specified node, and the transmission type is highlighted (one-way or twoway);
• SAVE GRAPH AND PATH NUMBER (Zapisz graf i nr drogi) -a file to which the numbers of the edges connecting the graph's vertices will be saved.
• SAVE PATHS (Zapisz drogi) -a file in which the distributions of use of individual edges in alternative paths of minimum length and the results of calculations of w spi coefficients will be stored.
To perform the tests, it is necessary to determine the range of the variability of the generated traffic in each node (min ERL, max ERL), the difference between subsequent values of intensity (step ERL) and the minimum number of performed simulations (min. polaczen). 2 The analysis of the influence of introduction of the control of network resources on the transmission properties of tree topology networks
Among various network structures, it is possible to distinguish typologies with one collective node (acquisition node) via which the remaining nodes in the network communicate with the users of other networks. This is the construction used generally in telephone networks and now in stub networks. These networks have a tree topology, which are devoid of alternative routes [12] .
An example of a pattern of such networks is shown in Fig. 2 . The further analysis of the examined issue is illustrated with an example of a network shown in Fig. 3 . It was assumed that the acquisition node is node 4.
As mentioned before, the ICT system (its configuration, to be specific) can be presented with a graph and the graph can be presented with an adjacency matrix [13] . While giving names to the graph edges presented in 
where N is the total number of nodes in the network, which follows from the definition of a tree. There is only one path between any two nodes [13] and it was assumed that the transmission is bidirectional.
If two nodes (e.g. nodes 5 and 10) are connected to a given node (node 13) via an incidental edge, the total number of uses of edge 10 will be:
It is caused by the fact that for node 5 to connect with all other nodes, edge 5 will be used 60 times, whereas in case of node 10 connections, edge 10 will be used 60 -4 = 56 times because the connections between nodes 5 and 10 should be left out. Therefore the edge in question will be used 116 times. 
and when their number is 4 (node 11 via edge 11 with nodes 1, 7, 9 and 12):
In general the number of uses of a given edge related to a selected node can be calculated from the formula:
where n -total number of nodes connected with a given node via the incidental edge, T (H) -tree height, which is the maximum length of a minimum straight path from a root to any node.
The following conclusions arise:
• If the number of nodes forming the tree and the total number of nodes connected to a given node via a chosen edge are known, by using the formula (9) it is possible to theoretically determine the number of uses of this edge in all paths;
• The location of the root is marked by the incidental edges whose total number of uses in minimum length paths reaches the maximum value.
In the analysed case, root is located in node 17 incidental with edges 12, 16, 17, 18, 19 (total -1432). The total value of uses of all graph edges is calculated and then the coefficient of the distribution of transmission resources is determined (Tab. 4).
The following charts (Fig. 5) show the results of simulations.
Similar tests have been carried out for the network structure shown inFig. 6.
The number of occurrences of edges in minimum length paths (table 5) was determined, and on this basis the values of resources allocated to individual edges (Tab. 6).
In the analysed case the root of tree is located also in node 17 incidental with edges 12, 16, 17 (total -1196). 0  60  15  60  1  60  16  300  2  60  17  476  3  216  18  116  4  168  19  216  5  60  20  396  6  116  21  60  7  336  22  60  8  60  23  116  9  60  24  216  10  116  25  60  11  168  26  336  12  420  27  60  13  260  28  116  14  60  29  60 Tab. 6: The number of edges in minimum length paths in the analysed example Edge RES i Edge RES i Edge RES i  0  12  10  23  20  78  1  12  11  33  21  12  2  12  12  83  22  12  3  43  13  51  23  23  4  33  14  12  24  43  5  12  15  12  25  12  6  23  16  59  26  66  7  66  17  94  27  12  8  12  18  23  28  23  9  12  19  43  29  12 The following charts (Fig. 7) show the results of simulations.
As the above graphs show, the introduction of transmission resource management improves transmission properties of network with tree structure in both cases and in a similar manner. The tree shown in Fig. 6 has worse transmission parameters, which results from the fact, that it has a higher height. This affects the increase in the total value of the unbalance factors (4868) (this sum for the structure shown in Fig. 4 is equal to 4044) and the decrease in the total value of coefficients in the root location node (1196/1432). This suggests the following conclusion: when designing a network with a tree structure, it is possible to choose a topology with better transmission parameters by analysing the values of the calculated unbalance factors.
Summary and conclusions
The article discussed the matter of the research of transmission properties of networks described with irregular graphs, whereby the parameter adopted as the measure of the properties was the probability of rejecting the call processing. To enable the testing of the analyzed structures, simulation software was used.
The main purpose of the research was to check the validity of the hypothesis regarding the possibility to improve the transmission properties of networks described by irregular graphs through the introduction of control measures of the usage of transmission network resources.
The way of determining the coefficients used for this task The results prove the validity of the assumptions. It was verified that the result of the introduction of network resources management is the improvement of the network's transmission properties without the need for changing its configuration.
